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’ In ai ee ‘1956's a ‘management technique a as. 8, Progran Evaluation F 
: { 


and Review Technique, or sianhy PERT, was REVERED in rosnentiod: with the. 


construction ae the large Polaris Ballistic Missile System of the U.S. Navy. 
i toe 
‘The Peden has Beuerally- been applied to darge industrial Sciijucts 


ieee usé has been male. of this syetem in library’ work, 1 


* 


The cattle is presented in ae first five ential, of the paper a 


PERT involves hi develg@ment | of a. network ‘of activities (tasks) and“ \ 


c 


events (milestones or sia sees a The. activities sui ia 
Jogietically speaking, are placed ina sequential, order in’ a form to’ 


provide’ instant information to-management ena regarding the: progress 


° 
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a e geg ABSTRACT. - ae : - a 
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on a theee-tine estimate concept for accodpNshing tasks and the development % 


-* »f ‘ 
de va a ReeChee> path through. the net wor! to, ee eane the shortest time to 


linen a particular project, progran, ‘or set. at tasks. ~ It's whluse _¥ 


- and” limitations are enumerated. Also a set of cnitects lieve bee developed 


_to determine whether or not PERT. may be appit 0 a given greens 
operation, or Pyeese, _ 2 : 4 5 a “ 
S| Ghartete six through. nine ‘nake use nF two of the criteria developed « : 

tn the previous chapters by applying the technique to the ene 
cae at the Brigham Te University hin A A nétwork of, activities 3 
and events. is developed and decane time estimated are given to obtain a 


. 
. 


critical ath. The values and Laitatians of apprise PERT to a library *8 


ee are presented. dt was deteeaicnl ‘that the PERT technique aauts 
‘ 


Y 


be ‘used successfully tio show. interrelationships beewerd) cataloging 


activities ‘in the library. 
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is 't ; ae 
The purpose of this paper is .to investigate a nanagenent echeduling 


“eechntque here-to-fore not need extendively in library work td determine \ : 


an 4 _ its applicability in library management . rhe first ‘five dbapeea wilt, e. 
, - ie 
make available ‘to the: Libéary community, its vere concepts and principles, : 


‘ke 
\ ag and indicate its values and 1 tations. Chapt rs six through nine will / 
present ‘a ere application we this cee to the cataloging 


process of the Brigham Young University. Mabeaey and indicate its yalaee- 
- > and Limitations. ee ee ee 
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a INTRODUCTION © [ 
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To understand the purpose of the, managenent technique culate 
2 


iueial it te mereueaxy to place thetamaganent, prnceae: in proper “~ 


perspective. This. chapter | will Anclude . sicck Sesen kore vi nanagenent 
° * : Pi a 


and the marragement process .. \5 ‘ 


. objective. 


. Mana ement can be defined as "the art ard e¢ience of planning,’ e 


organizing, notivating: and controlling ‘human and material resources 
‘ ? 


. and the teractig between ‘them in eeder ts attain a predetermined: 


ul ement: is generally: eoncatnea with the amplenentat fbn 


of policy which » had Been “ ed upon by an santvidtcacton. ; The 


‘librarian, under the: sani istration of the library board or director, 


i 3 


is essentially responsible for decisions relating to ene use ee € people 
and resources,” It is beyond the scope oe this paper ‘to attempt ny 
i ie definitions on fhe nature of Planning. organizing, ndbivating 


wid controlling. The vouibe is- left to hie own ‘intuitive definitions 


e 
‘ 


ofithese terms) 9. "t \ 

ga . ‘ 

,Three gente al management categories have’ been developed over 
, 


* the ere with’ respect to managerial aceteterest go Sie oe 


air Wi aaa 
“Seegnond a Cook, PERT: ¥" Viento in ecuiaaeinn Coo der 
Research graph 17, OF - 12024 eens Government eet 
Office, 1966), p. 5. 
‘ww 4 . 4 1 ; 
a fac tn P P <e ; a _— 7 _ zs 
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* One group relates to the qualit Lane of a \ 
product, a second category relates to the operations involved ~ 

s din ‘producing the product, while a third group relates to the 


, sonics fi involved in carrying out’ she operations.? 


The third aia that. of administration or nspagenent of opeiations 


paper, wil 


she ‘implementa ton, aanagenent and coutrol, of :a particular Project 


ior progtant and vorks didies S32 Gaiolateaiee: Effective management _ 


\" 
ee the fulf{liment of certain types of antorent ie needs. 

‘Ther’ ,i6 ten consensus that managers ope ating : 
hin the proje t context require data or informatfgn relative 
“to (1]\time, or} hedules; 12) costs, ‘or resources; ind [3] * 
pe formance, ' ‘reltabi lity, or’ quality. of objective ac omplishment. 
f jthese thre Bas bf basic data, the\most common data obtained 
used in a Project gitudtion is oa yelating to t: . or 


8 hedule,3 : “ -— A 


, ay 


gement process ot cycle e ‘be said to.consist of eight 
\ 


| 
| 
{ 
oa 


“general tenes a1] of whieh re tine taal ent: \ \ 


1. Obtain ct or pro ramyrequir ents \ 
pee t sera eae “pe ay 
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ef ; - 
Bhelvate \e* x _— \ ‘ 
-budgets\ 4 » | . \ ae ; 
.- performance standards | = > . - ane 
6. Control \ a 4 . 
schedule report ma \ : oo ae bee, \ 
-budget* reporting ; \ . 2 - 
; Performance rep rting \ ‘ ; ‘ 
i 


2 \endnd’ Ls as Bake ter pfojece \Plenning and Control gh 
thatae e\of System atvais and Management Teclmiques" (pape e sented 
at the Symposiuin on Operations: ‘Analysis \of Education spongore yy the 
National Center for Educati ‘Statistics, U.S. Office of Education, 


nee D. dase R 6. 3 ; “ - 


2 ae F 
Abid. a 


s 


n 


ad 7 7 : 3 
7. Assessment of program position 
‘8. Corrective act ions/replenning® . ely : : 
ieerien to step no. 5, 1£- necessary] . 5. ¥ ome 


Most iesaeenane dechaaaues would include these eteves ae further restritt.. ” 


the. managerent technique described PEEEI, only rhe nanagesient need: of 
time and its function in, the nenagenent cycle wilt be presented. The . : 
management technique is sean as Program ‘Evaluation apd Review Techniques, 
commonly and ‘hereafter Peferred to by the acronya ae as 
Management PecmnAues in industry have become very 8 ctal}zed due’ 


to the demands of vechnolegy and eapineuctins Many ibraries have 38 


° * 


% 
grown to such 4 latge dimension, that mreeee activities, are consuming - 


more and Shore of the head librarians tae Examination of thé library 
iterature for the past decade wi]li reveal an BEEOLOEAELON of ee 


ter: al related tojthe management of resources a personnel.:. Ro rae 


"oad 


lo ger can the head librarian be concerned wie the management of simple 


» 


hanes related solely to the care and keeping of aatertalia. Managenent 


oxthtete of sibrartes have become more complex and therefore involve - | 


\ 
acetont as ceftued techniques in planning, organizing, motivating F 
— coberolttas sia and material resources. for the benefit of the 5) 


- 


‘user. \ . Mt Sieg 


Just G. lLongenecker, P Principten of Management and Organizational 
Behavior (Columbus, Ohio:. Charles E. Merrill, 1964), Chapter 2, 


also Robert M. Hayes and Joseph Becker, Handbook of Data Processing 


} : , a a ‘ 


«for Libraries (New ee Becker and Hayes, Inc., 1970), p. 108. 
4 — = ' 
/ vs | : 


a 8 
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sera : : : , a ° 
= et Ld -t : xf ‘ 
’ \ 
fy r rd 
. % : CHAPTER II EGA; ewe! | 
hs . 7 ; 4 id earth ‘ = . " 
‘ : STATEMENT CF THE PROBLEM, DELIMITATIONS, 3 : 
fe LITERATURE SEARCH AND ee OF "PERT" ‘ 

oy : Specifically, nae is PERT? It is a managerial tool which.ig used . 4 ; 

 * . te understand and coordinate the interrelationships bepween tasks and ° iN 


aed dnieiaaley. saceisieeig with respect to-logical sequencing OE eg ot 


events and time necessary, for. the pletion of a given project. A 


; diagram or series diagrams, TeSEERT Ce flow charts are ai 
oy, oo z _ td 
: "known as networks ,, n atiow the manager with the aid of ‘time pr eee ; = 


‘ 


estimates to establish a endeteal sequence of activities pane the A 
: “ 
. - © ‘network that will provide the einimin amount of dine for project or 


-) 
program completion. © It becouda a dynante tool shies she Manager uses it 
to evaluate progress as it allows heats shift, ina logical manner, cil 


. .° and resources to other tasks which venules ‘immediate and long stg 

. . aa a si 

A : attention. "Its genera alin to the librarica is the aid that “te will 
give hi {n making the host effective use of time and resources available." 


- 


j oF ri purpose of ‘thie paper is to | ighcactunts and analyze the manager tes 
scheduling technique, PERT, for subsequent use in library work. 


‘ eo os 
Chapters one through five will*focus first on a brief introduction to 


_ PERT, ‘which’ will include’ backgrourid, ‘events and activities, network | 


F development and logic, three-time estimate concept and critical gee 
Bg q ? ya 
= hha secondly, the values and, "isttarfons for practical ‘use of the management 


= 9 t 


. 


i = Becker and Hayes, Handbook, p. 124. spa 


a 4 = 9 . 
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be a ' ” theta 
Rachotqes will be cebented and finally criteria for use in library 
management will be presented. Chapters a through nine wy RORY on an 
application *of this iamnarsad toa Library } cess. | It will utilize the 
-erdteria developed ‘ta the previous chapters aid the aplication will be 
confined to: the: Brigham Young Votvereity Litcarys Strengths and weakndseaa— 


a 


of this. applicat fon will be sitaurtzed with’ respect to the specific library 


. “process chosen. | « The PERT technique will be applied, to the cataloging . 


process bE, the Brigham: Young utvexstey Library and will make an BECOME: 
to ‘clarify interrelationships berween a and determine any bottle- 


aeska’ which me ‘be interrupting the’ flow of infornation.- 


An exhaustive treatmeut of: PERT will not be presented.” Suth, ’ 


. 


detatled compete as replanning, ‘etettneien, computer operations, 


| | 
probability, and sophisticated tatolan calculations will be omitt from i 
this BEEenbet cons Remenk sileeeiee ca will be made to discuss extensions 

of PERT such. as PERT/Cost, PERT/LOB, PERT Il, PERT oN PERT a NASA aa < : 
or other such related heeudes type systems. 


_ Very few artictes on PERT aDpeAr:: in Library Literature ‘Index, 


. Sance PERT is associated with business, most of the relevant Literature 


was logated by a: the . Businges Periodicals Index. The ‘following ‘types 


“of periodicals proved to be most helpful: Advanced Management , Factory Factory, 


' The Controller, Harvard Business Review, Datamation, operations pestaeety 


I. 
Managenent_ Science, and Data. Processing. * Sooke approached via the 


Brigham Youtg University car ‘Catalog were located ‘under the heading, of 
g 


Critical Path, a name clos y bpaoetaced with the major characteristic 


‘of PERT. Excellent works’ ica Netvork-Rased Management sp tems 
ms ; 


y 


; | ' t 


° 
-—— 


\ ‘ ’ . 6 
(PERT/CPM) by Russell D. Archibald ‘and Richard L.-Villoria, Schedule, 


. Cost, and Profit Control with PERT by Robert W. Miller, A Management Guide 


\ 


Giessen, United States government documents were also consulted vith . 


\ 


to PERT/CPM by Jerome D. Wiest and Ferdinand K. Levy, Critical Path 


Scheduling by soseph Moreuttey Planning and Control with PeRt/cPM bys 


Richard le thts and Chetian A. Kirkpatrick, and PERT Fu dantateis, oe, 


Volumes I and II by PERT Orientation and’ Training Center, Washington, D.C. 


Since eh was developed in conjunction with a United States defense 


success, S 54 | : aa . 
I After reading about the RENEE of PERT it was observed that 


wide application has been ‘made of this nanagenent’ rechudque and BGARERED ° 


. were thereforé made with the Educational Research’ Information bane 


. 


\ (ERIC) files which proved to be of assistance. * 


. « The bulk of the relevant Periodical literature was, published in the 


ee 
early 1960's (corey after the management system vas developed. A - 


‘ 


° m3 


special Dewey Decimal number was set up ‘for dacetiate relating to, \. PERT, 


F] 


but it is the belief’ of this writer saat ‘most of the literature published 


today is being classified under critical ‘Path, Critical Path ‘Schaduiing 


1 


and/or Network Systems. ° Sophisticated eer using the PERT system 


are being presented in the cirrent literature, especially applications 
oe x ee a 

involving the use of the computer. 
a, 


as a method of planning and controlling the construction of the large 


CHAPTER IIL 1a 
: ” ae < 
EXPLANATION OF PROGRAM EVALUATION AND REVIEW TECHNIQUE 


/The ‘PERT system was developed under United States Federal contract 


complex Polaris Fleet Ballistic Missile.° Thousands of activities . sh 
extending sears into the ‘future had to be mapped-cut and well planned. 

The Progren Evaluation Branch of the RESetee Projects Office of the Navy 

was uveponsible for the development and tupliesantation of the naster pian .. 

arid in mid, 1957, " initially deatiutes it as Program Evaluation anne 

7a of piaely PERT,” The, completed plan included some twenty-three 


dalenend containing more than 2, 000 events. and 3,000 activities rotated to 


4 

those event's. The program was & success and has received Considerable 

Y- / , 
attention in the literature of management “control. . The United States 


siigteannt has since ublitahed instruction manuals -on how to use PERT.? 


. 
a 


‘Ries Facet, "The Origin of PERT," The Snbdoreat @ecenber, 
1962), 599.° °°. 


yada. g Ps 600.” 


Sonald & G. Malcolm, Gta Aliy "Application of a Technique for 


‘Research and Development Program Evaluation," Operations Research, 7 \ 


*(September-October, 1959), 668. > ; 


Sept Orientation and training Center, PERT Fundamentals 
(Washington: PERT Orientation and Training Center, 1963), Vols. ty II, 
IIL? and U.S., Department of the Navy, Bureau of Naval Weapons, Special 


Projects Office, PERT Instruction Manual and Systems ‘and Procedures for 


the Program Evaluation System, (Washington: Government Printing Office, .° 
1960). ; , : : 


, & 


4 


1 


) 


, 


_A PERT system is a network,of ‘activities and evenkie Activities 


are tasks and are graphically neyeanented by. arrows (eee! ‘Figure = 


| Activities are of ‘the types? 1) they’ ‘nay be beduential, that is one 


activity must = conpleted before ea begins, or 2) they tay be 
parallel where two or more activities may be carried on at the same tine.” 
aise flow indicated by arrows) on a PERT REENEZE o from tere to right. 
The junction points at which these arrows meet are called Seats and 


are denoted graphically oy circles, ‘squares or rectengles. 96 event is 


- va ala definable accomplishment in 4 program plan, a marie at 


a ‘particular dcatahe din time... Events. do not consume time or resources. wld 


There can be only oné activity between two events * | | > 
If needed one other symbol may be used. It is a dashed arrow and 
represents a dummy activity. ~ & es 


It [the dusag activity] connects events ‘that, require no 
expenditure’ ‘of xesource between them but have some constraint — 
‘connection... Thet is, one event must occur before the second 
Ceguoasten, by the dummy activity) can be considered to have. * 
occured. @ very redl sense; a daghad arrow acts as a constraint” 
on the event the arrowhead ‘touches.~ = ee 

& 
The dunmy ae Eset is not used dxtendively, but is an ieseeeane 


4 


constraint ‘that aay be required on occasions. 
Examples of library events include:. 


1. Start question-negotiation process 
2. Stert Titerature survey 
3. Start check-out procedure 


q 


a 


Wsodrew J. Michaels, "Eotablishing a PERT System,” Management ° 


“Accouriting, 54 (October, 1971), 26. 


Ment Orientation cand ratnion Center, PERT Fundamentals, hs 39. @° 


12 ea tam A. denetias: Management Information Systems, Tools and 
Techniques (Englewood C1itte,s N.J.: Prentice-Hall, Inc., ei p. 214. 


* ae . ; 


- FIGURE 1 — ej 
BASIC PERT CONSTRUCTIONS” ° 


a 


SERIES Construction-a linear . 
progressive chain is developed. 
Event 1 must be completed™ before - 
event 2 and event 2 must be 

“ completed before event 3. 


PARALLEL Constructions-allows two 
.or more activities to take place 
concurrently. They all eventually 
conflate into or.2 succeeding event. 
: : 


a . ny 


“BURST Construct 1on-several aitleleses 
resulting from one preceeding 
~, event. 


’ . 


MERGE Construction-several activities 
-conflating to one succeeding event. - 


— > a,* 


- a P| 
en 
Me j 7 " 
) | acriviry 
7 ee ——— me CDUMMY ACTIVITY 
9 pe es | 


mote : 10 


4. Complete cataloging procedure - 
5. Complete periodical index search 
6. Complete automatic-indexing project 


: ‘Ite is inportant sad keep fa nind that events represent the start or conpletiion 


. of an activity ind do not consune time, personnel or ‘resources. one * 


1. Dev loping a training manual 
.2. Completing a check-out slip 

3, Cuttering a book 

4.*Locating a periodical 

5. Paying a fine ‘ : 
‘ . 6. Developing a retrieval rule a 


© 


vF Libtary activietes forties ' J 


ia 


a] ; 
Note the verbs in each of the above listed activities. The verb describes 
\ 


the type of ‘activity: required to proceed from one event to another. 
The event-activity relationship is the fundamental Ronn eOane of a 

PERT network or system. According toA. J. Michaels, Corporate Conteet ler 

Fairfield Technology Corporation, the network: © 


+ « « ig essentially an advanced concept of a flow chart 
- or a diagram-of the steps required to accomplish a given 
objective or task. It is also a logistic plan for work . 
coordination to achieve a defined goal. “When all the . Ys 
oo activities from the beginning to*the end of a project an 
. have been put together according tq their. predetermined 
relationships, a network results. A network is a collectjon 
+ (OE aetiyistes SOnneneat to show their interdependencies. 


. / ; Fy 
TheSeocess of developing a network system is very simple. It _ 
involves four bante steps: 1) identification of objectives, 2) organ- \ 
. bw . i 3 


ization of objectives 3) defining and listing events and activities, and 


14 


4) ii the network. The literature has indicated differences 


in apinton as to which of these steps (1, 2, and 3) peek be completed. 


saa aa oa P 
: A ichncles “Establishing a PERT System," Pp. 26. 


Moret Orientation ana Training Center, PERT Fundamentals, 1, 1d. ‘ 


- 


- 7 


a 


a) 


. 
> ‘ ‘ 
os ‘ ~ § 
+ li 
. A 4, 
iB 
; , 


~- / * . ; 
first. For the purpose of this paper they will be presented’ in the order 


given. ° Men ‘si 


ey 4 
The major objectives Me program or project under consideration : eae 


wave: Be-curatidiy deticatnedé i ‘ ; 


‘@ ’ 
As in other management ‘ceaeina the first step in ie e - 
; development of a PERT network is the establishment of objectives: 

the major-objective to be accomplished and each of the supporting ‘ 
* objectives in the entire project. When the fajor objective and : 
each of ‘its supporting objectives have been identified, they . a 
must be linked together so that the pl iex ‘can see. the: p nase : 

in its true perspective, so that_he can see, the a 

: between, and -among all the steps. P 


If ‘beac aboerak or creer objectives canooe be defined eg the PERT _ , . : 
system cannot be ane ES Objectives may — from einple to complex. i 
Simple objectives wopld: ner require, ‘Listing them befc e-developing,a@ 
eee whereas in average cases, lists or tabie 8 may ae required.’ rd ~\ 
For more complex programs a task or Work Breakdown Structure has proves 
helpful, The task or. Work Breakdown Ssoraruce is a graphic representation 
of the program which establishes a common framework for accomplishing a 
the work to be “jactornad (see Figure’ 2). Robert M. Hayes, ‘Director, 
‘Institute of Library Research, University of eurteeita) Los Angeles, and 
Joseph om, President ‘of Becker and Hayes, Inc., have indicated the 
value of the Work Breakdown Structure: 
As a basis for effective program planning, ns {the Work 
Breakdown Structure] ensures that no major program activity 
is overlooked. It provides graphic representation of the 


relationship of the various components of a complex program 
) .to each other and the achievement of stated program objectives. 


° 


pschard 1. Levin and Charles b Kirkpatrick, Planning and Control 


with: PERT/CPM (New York: Betray atts '1966), p. 19. 


€. x i A = 
= & s e aa 
| 4 » } e g 
. os ‘ ° . 
ay | ~ ar . 
iy : | 
Peg i alee CeO af ee. 
Library Systems Development: Program Work Breakdown Structure!? ~— 
} ” . , : _ 
‘ % | _ 
~s ® \ + 
Mpbeaey System pelea A TOTAL, LIBRARY SYSTEM . 
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Review 
Evaluate 
Select 


we 


Adaptive 
Cataloging, 
Original 


Searching 
Catalog . 


Maintenance 

Authoyity 
'Files 

Catalog 


Preparation 


Holding 
Control 


12 


eat 


Bibliography . 


Circulation 


Preparation 


Adapted from Becker and Hayes, Handbook, p. 121. 


. 


ORDER 


MODULE 


Identify 
Order 
Records 

‘ Receiving ‘ 
Claim 


* 


Finally it provides a convenient means for mo ogtorng progress 
toward achieving the objectives of ‘Seopa: 


Recker ae Hayes further {ndicate that the tiork Breakdowti Structure 


. NX 
*vendunae ths following classification of work! ie > | 
. Libraty System - : - , i is 
ee : Cofiponent Subsystem . oy ye , 
: = ; te . Step 17; . : Y 
Task 


NS 


” 


The tock ieeakiown Structure is a combination of product hardware 
software as illustrated in ec 2. “The sctivity-event palpttoaanies 
are obscured under the general ‘label of “Library syeten » but become 
well defined &8 one moves towatd a specific task tn the Work, Breakdown 
Structure." For exanple the Step and Task relatioriship cortespond, ; 
respectively, . to che évenk and activity relationship, The Work. 
Breakdown Structure can be broken — vertically or horizgntally 
(on paper) depending on pereonal eiskevantis tere the “task 
“structure is essentially Eanes ena ae may therefore 

i 


"relate. es equipment, service facilities, decisions, vase oe oa 
18 7 an : . t 

” 

“In summary, the Task or Work Breakdown Structure is generally 


combination of these. 


~ 


req red: 2 . _ es . 
2 ; Scccael ‘ - . 


‘ 
-on complex ok large sized projects for taenteteing : and 
organizing objactives before planning networks, can bé- 
¥ de 19 ea: - 
mt of ‘ ee 
- ‘ * . 3 4) : & 
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Becker and Hayes, Handbook, p. 120. me 


Ibid. ; ; - 
co 


i 


iy 
a ae Sprit delentation and Training Center, re Fundanentsle, 1 50. 


wt : ee oe j we 2" 


4 


~ 


. e 4 
‘ 
a \ 
: 4 
a , . 


ae 


. 
e 


\ 


costs, 


. BS ial 


4 \ , a oe 14 y 
A. he for gontendttinlty erecctietes, aummarizing,.jnd reporting. 
‘wo management, information generated on detailed RENT 


~ networks; and, i \ : 
| for integrating tine, cost and/or technical waciocaines 200 
information on a common framework for project’ managemen’ . 


¢ 


When all program objectivee. have been defined and tasks clarified — 
. mi Work Breakdown Structure, then the next step is developing ‘ie 
-»network proper. Only one method: of developing a ‘network will be presented. 
_ An adaptation. f a program cetwark development: as presented by 
A ae G. Boulanger, frst tre Budgets and Measurements, 
G.E. Missile Production, will be.used és illustrate this procedure.“ 
ae i |: The overall development fnvolves the use i Chart which 


ery in an: eatin 
i 


serves to relate “components, personyel, and mac 


with se assigned to them over time. - ‘neadecance apeignnente; 
122 


d schedules are pictured, ina form that is easy to Sees 


“povtanger Ba aleg used program Milestone a Russel) D. Archibald 6 


. and Richard L. Villoria in their excellent‘ 


Managencnt S$stems (PERT/CPM) oe that: * 
% 


Milestones are key events or ‘points in time which can es 
identified when fms as the program progresses. The milestone 


ed 


.systef provides ‘a sequential list of the various tasks to be 
accOmplished in the program. This innovation was important 
because it recognized the functional elements of the program, 
reflecting more accurately what is now known agathe . program 
work breakdown or product indenture structure. ; ‘ 

. t] 


& ny 
¥ ie, 


i : 20h ta, Pp. 55. | = ‘ | Sd = 


d+s 3 ' e 4 


2 avid G. Boulanger, "Program. Evaluation and Review Technique, 
‘A Case: Study Application with Analysis," Advanced Management, 26 _ 
(July~August, 1961), 8-9. ‘ ‘ 
ss 60. 


22 pecker and Hayes, Laridbook, 


23a esell D. Archibald and Richard L. Villoria, Network-Based 


‘Management Systems PERT/CPM (New York: John Wiley and Sons, Inc., 1968), ~ 
p. its : 


° ' 


| ; pr 
gp 4 € s 


tk Network-Based ~ ae 
ry ; : 


yy? 


/ | + PIGURE 3 . | ie 
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, : | 
Ps ‘ ne | PROGRAM BAR CHART : ig 


TASK B 


1 


The. Program Bar Chart (Gantt Chart) is turned into a FesgRae Milestone 


-@ 


Chartshy dividing the bars (tasks) ‘into the signifidant neha aan 


or ‘milestones. Theke are “events. - The events may be parallel or, in 


: t. Fy 


a series... P Ate ye 4 
\ 7 FIGURE 4 ¢ ) 
seo 8 Roa MILESTONE CHART 


Poel 


TASK C - 


It will be noted that neither technique shows the interdependencies 


s 


a | ame | . . ' 


er? i sae a a ae aed) | : 
. ; : © *, . . | \ om . 
: $ ‘ . ‘ " ¥ 7 * *f bar é 
he ‘K : 4 rc . \ isi S 
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t 


‘. } between canhs A’ B, C ai signific: nt sapiite puncctated with those - 


- tasks.* For peer in came to c plete event BS ‘it may be necessary 


to first complete event A and Bye wA dependency on ‘completion of 
shui activities may be mecessary to proceed from one event to 


another, ‘This is not " Duscrated on the Program Milestone Chart. 


In order ag develop the PERT adtwork a ‘series of parallel, horizontal , 


° 


and diagonal Wines may be draw frgm one event to another to indicate 


predecessorrand successor - events. tie pubponke of illustration, let us 


a 


assume that. before event c) (the last. event) can be _epapleted,- events 


a 


B, ‘and c, ust be soayivted an in order to complete event BS it is. 


9? and in order to wousiate 
" cevent B, events de: and. By need to ie completed , nad event A, is dependent 


ie 7 the completion eae ee eee in order to Jehat event — 


Se to complete eventa Ay» By» and C 


it is necessary. to ‘complete event ‘and completion of event C, 


depends on the snugiedion ‘of Cys Events Ay Bi and C may alk baptn 
4 


re 
at Bhe same time. The program Milestone Chart bacdues a PERT oe 

ww 
: when there lines of dissociation are constructed. See Figure 5. 
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. FIGURE 5 ~ PERT P Hebaork: Chart, - 


TASK A 


TASK B 


TASK C’ 
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Using the graphical definitions given hére-to-fore for events and 


activities the Eis can be “cleaned up" to look like Figure 6. . 
‘ | FIGURE 6 


NETWORK _ 


4 


Once ‘the network has been constructed and the logic of the plan 


.Y & s 
‘approved by the tisers, estimated times for completion of each activity 


’ to accomplish the tasks are afcektained. One time estimate may be = 


secured for mach activity, hut the general sc recommended procedure is 
to obtain ies time estimates for each seccnetey “in cases where the ° 


uncertainty of the scope of the work mudg, be taken into consideration. 
~ <b, 


. The three estimates of time’ are known as: 1) che’ Most Likely jets 


2) the Most Optimistic Time and 3) ‘the Most Pessimistic. Times. Levin 
‘\ 
and Kirkpatrick, of the Graduate: School of Business uit 


University of North’ Carolina, ‘have defined these estimates as follows: 


Most Likely Time - the most likely time is the particular time -- 


N that, in the mind of the estimator, represents the time 
the activity would 'most-often require if*the work were done 
again and again undér identical conditions. j V 


s 


Oo 


' | v ° ~ 18 
- % ‘ 
Optimistic Tine - - the most ¢ stic time is the particular : 
time estimate that has a very small probability of being 
‘reached, a probability of 1 in 100. This particular time 
estimate represents the time inl which we could finish a 
project if everything went along perfectly with no problems, 
no adverse weather,:etc. We know this would be most ~ - 
unusual, but’ it could happen; ee the probability of 1 ‘in 
‘100. 3 
: i “ 
Pessimistic Time - the most pessimistic time is another garekoitae 
e 8 time estimate that has a very small probability of being 
- realized,’ once again a probability of 1 in 100. This 
particular time estimate represents the time it might take 
us to complete a particular activity if everything went . 
wrong, if we were plagued by adverse weather, breakdowns, 
bad luck, etc. We know” that this, too, will not be the usual 
case, but it too could happen, and thus we should at least 
give this sjme some weight in our deliberations and com- 
putations. - é 


The initial developers of the PERT system were interested in developing 
¢ * i 
a probability distribution: F vs 


1, With a small probability of reaching the most optimistic , 
time (shortest time) . 

2. With a small probability of reaching the most pessimistic 
time (longest: time) 

3. With one and only one most likely time which would be 
free to. move between the two extrenae mentioned in 1 and 


2 above @ 
4. In which the amount of uncertainty a the estimating can be - 
measured. i 25 ‘. 


» 


; The distribution which satisfied these statistical assumptions was the , 


Beta distrtpution.-” Figure 7 gives an example of a Beta distribution 


with optimistic time (a) and pessimistic time (b) and most likely time 


(m). The optimistic and pessimistic times form the range of the curve and 


the mest likely time appears at the mode of the curve. 


—_—_ . m ‘ 
24 evin and Kirkpatrick, Planning and Control with pext/crn, 
pp. 40-41. 


?91bid., pp. 38-39. A iin - 


a 


Ibid., p. 36. 


sf é ’ 
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_ BETA DISTRIBUTION 


t ‘ 


es 
ee x m ; b 
* Optimistic Mobt Likely Time ie Pessimistic 
(Least time) ; (Most time) 
6 ve ; b ) ; ¥Y 


From these three tine’ evetaaten, via statistical computations, a 

simple formula involving @ weighted average was derived (the desgation 
oy 

Bs which ts beyond the scope of this paper) to pu are the average or 


Pepacka Elapeed time for each activity in the network: a 4 


- tt satdmth : 
a ee 6 ee 


: / 
: t= Expected time for thie activity, o% asa 
' eet 


JF 
a= the optimistic time 
h , 
‘ jo the most likely time ‘ ‘, 


b= the pessinistic ie OC 


_ we 


27 su1a., pp. 41-42. 


- ey 
é 5 
cual ; 
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An example using the three time estimates is as follows: 


f - 5 10 = «16 


leta=S5 days. . 3 °F3 ‘ 


m * 10 days 2 : 
b = 16 days ' ie . & ‘ “i, 
o- a te 
then &x  * 3 
. < +) a 4 


t, = Sdays + 4(10 days + 16 days 
— 7 


eb @ 


t. = (5 + 40 + 16) days 
e 6 = 


s 


t. = approx. 10.2 days ’ a 
Studies have been made to test the validity and accuracy of the formula 
for the vecels of te (expected elapsed time). Based upon the 


whaiimedt Beta distribution it has been on that the error dex the 
%. 
caiwntaees t. was small sakes to allow thegmethod to be satisfactory in 


' 
» ~ 
e 


most cases.7° 


Once the expected time has been computed for a given activity it is 
possible to obtain an patinate: of the variability of the time estimate 


jeaustabes with the given sitivity, * The range of the variation is 


determined by the standard deviation. The formula is: ares 
Pe. « foal (2) 3 E> Ue. Wee 


<a 


; a ae “R. MacCrimmon and C. ke parce: nalyetcall, Study of the PERT 
Assumptions," Operations Respercy, 12 (January, 1964), 16-37. 


* 


. 


é 


uw "te : P 7 | 21 
. where 
Pe, = tha standard deviation 
ea ' bs peaeiniatic time 
a a = optimistic time 
Using the ‘sane values in the previous example, to calculate expected 


elapsed time, sie have: 
a Pe. = an - 5) 


e ia 2 ; 


fe. = ee 1.8 


‘e 


This value can be used to determine the’ probability that a 1 given ‘activity 


yt’ be completed withts the x age of the estimated times by using the 
normal distribution concepts. ‘Hence, in the example, there is a 68% 
chance that, the activity will be euvieied within 1.8 days either side 
of the expected time (t.)- tsa: there is a 95% chance that the activity 


will be completed appfoximately 3.5 days on either side of the expected 


* time and there exists a 99% chance that the pee ee will be completed ‘ 


approximately 5.5 days either side of the‘ expected time. 


The PERT literature indicates there has been some concern over 


- this particular point = ene the normal distribution figures with a 


beta-curve. It is not the purpose of this paper to aaron the reasons © 


behind thie aaa: but - ‘to refer the chutes to sie "More Advanced 


Discussions" sate of rae Bibliograph{C¥or further inquiry. . 


~ 


One other iecemiy useful statistic which can be calculated from 


- 


the time estimates associated with activities is the earliest expected 


r 


i ay td | . | —— _ - 22 
. ‘date for the network ending event. This figure is arrived at by summing 
\ up all the expected elapsed time estimates (t,) for éach activity . 
— ‘ % <runring left to right) for a’ given path through a network. mee ney 
be several paths through a network. The path thet totale the maximum ‘ 


\ e 
time yields the earliest expected * time for completion of the progran. 


* . Tris *-comes the mest ie dia caas. critical path in the ‘dektvork upon 


which effort is concentrated to abe. the program or project to completion. 


Relative to the critical path, Russell D. Archibald, of Project Management 


and Control Division; Booz, Allen and Hamilton, Inc., has indicated: 


Adding together the estimates of activity duration times 
along all the paths of the network reveals the path that will 
t consume the most time in reaching the ehd eveyt. ‘his path is 
. + known as the critical path, and is one of the most important 
concepts in network-based systems. Isolation of this sequence 
of activities gives the manager some of the most vital program 
informatigg he will need to plan and manage the program 
properly. >is ge se 


Determining the critical path is the aota of PERT. Al} subsequent. 
- managerial activities revolve around the determined critical path. The “ 
critical path mdy not be. eeigede at the ‘onset of a project ‘and any 
therefore’ prove to be of ees once it has been gienevereds lf = 
; “average time ftguie (t,) » were assigned to the activities in Figure 6 
we would have the network in Figure 8 from which to stgiatuine the critical 
path. There are five paths through the network in Figure 8. The paths 
are denoted by listing the events from left to cdaht with a Byphes 


placed ‘between events. All the events for this network ,would hes A 


#7 anelt D. Archibald, Network-Based Management Systems PERT/CPM, 


» 


p. 19. 


a 


tc 


" FIGURE 8 
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Begin - A) - A, - By - C, ~ Bea (LA3+5 4242 = 13 wks) 
Begin - A, - By By Gj - ind) (142444242 = 11 vs) 
Begin - B, ~ 9 7 By -C, = End. (GQH34+44242 = 14 wks) 
Begin - C, ~ C) - B, =, ~ End (244464242 = 16 wks) 
Regin:~ C, =05. c,- .* End (2 +442 $142 - 11 wks) 


Ss 


The longest. path Eheedeh the network is Begin - c) - C, - B, - C, - 
End, and totals sixteen ore It will be noted that this is the longest 
‘ time path. By the previous isfigliaes this is the critical path and . 
tathentes to the program manager the shortest possible time the progkam ‘ 
cout be completed. ; ¢ m 


Further -consideration$ regarding PERT and c ical path studies 


will not be discussed as they are too numerous and are beyond the scope 


of this paper. 


a 


CHAPTER IV 


VALUES AND LIMITATIONS . 
: é : . | f i“ 6 ' a 
Numerous individuals have written on the SAE REASSEEEEEOES and 


vices of PERT. “It does h&ve its limitations as wel. as positive values. 


_ A summary ‘of the positive values will be presented in terms of general , 


characteristics as distilled from the business and applied science — 


literature ‘ 36 


« , One of the strongest values’ of PERT is that it shows relationships, 
Complex relationships and int dependencies can be quickly identified 3 
upon visual inspesti n of a network system. Also, time and function are : 
related ssn helps to gains uncoordinated segmentation of activities 
and event’. Besides yielding ‘és dntegrated methodology, PERT achenpee 


to show ‘all significant program Ei Teuecnnay A unique dependency 


relationship is developed in graphic fonm, which provides the. total” \ 


. 30 , h ‘ 


Robert W. Miller, “How to Plan and Control With PERT," Harvar - 
Business Review, 40 (March-April, 1962), 93-104, and John G. Earmb 


_ "The Applicability of PERT as a Management Tool," IRE Transaction 


Management, 9 (September, 1962); 130-31, and T. L. Healy, “Activity sd 
Subdivision dnd PERT Rrébability Statements," Operations Research, 
(May-June, 1961), 341-48, -and Willard Fazar, "The Origin’of PERT, " 

p. 598-621, and Willard Fazar, ‘Advanced Mana t Systems For Advanced 
Weapons Systems (Presentation Abstract: Washington D.C.: U.S. Navy 
Special Projects Office, March, 1961), and Paniel D. Roman, "The PERT > 
System: An Approach;of Program Evaluation Review Technique," Journal “of 


the Academy of ee 5 (April, 1962), 57, and Ivan Avots, "The 
sa 


Management Side. of - - California Management Review, 4 (Winter, 1962), 


16-27, 
\ , 25 


4 


“3 


a7 


program in pRrepeck iva, ” 


A second strong value of BERT’ is that it pinpoints the atablen 


a and helps to focus management attention on those areas that may ~ 


a 


disrupt the ‘system. Progress reports bale to predict and highlight 
¢ 


a 


bottlenecks almost serenely It becomes a good tool for, earemadcia 


A third: value ts that of Gnedued sommunicab tos Partictpati of 
~ 3 
high level personnel is required, also the tonne’ participants 
) oy 
generally have a hand in planning ‘the network. This can promote 


teamwork, develop orderly thinking processes relative to job or task 


¢ 


performance and improve the general morale of the group. It, the ~ 


_@network, serves as a aca or roadmap for discussion. Networking 


requires the ‘adoption of positive and unambiguous definition of all — 
3 
_ events and activities, thus improving the overall communication process. 
A fourth’ value of PERT is that it allows the manager to make 


donetitvent decisions based upon the quantification of program planning 
. ~ * 


. and control in terns of time, resource applications and required 


performance scant Penton: Progress may, be evaluated toward the: 
steaianent of outlined program objectives, It does have a srediicetve 
quality which may assist in the decision making process. “It de 
primarily an analytical chunitag rather than a bentnel method. More 
effective eYasninn is carried out as ‘4 result of advanced program a " 
thinking. Overall goals as well as innediate objectives are accomplished 
if the management process is invoked to sustain the original . 
time-schedule. ‘ > f 


cd 


A fifth value of PERT is that ( adaptation with reepect to 


computers. One of the foremost innovations of PERT is that the sored : 


e 
/ 


v 


- 


ef ; a ’ had . ar ‘ - . ’ 27 7 , 
¢ a: 


design permits it. be utilized effectiv y with ‘the computer. Time | 
at r ea 
and cost studies are currently béing’ hand1! by the computer. 


A sixth advantage of the technique is that the developaent of 


_ @ network system is straight forward and is easily explained to. the 


layman The data calculations are e relativelyeaftole « and nowdays, can - 
be ana y most of the personnel lavolved. : ‘ aa 


"PERT has-been considered a dynamte managenent technique. The 


, 


technique itself , however, does not solve problems. It is oftey— | b  uhice 
considered sne-of-a-kind project or program ae for executives 
ine 


ent SEHHEPERS It cuts across organizational lines and looks at the ' 


dota: program, and it does salar to meeting a schedule but accepts 


uncertainty as part of the system, Above all it is, not a Penacea. 


s 


PERT has generally been used an, large complex P programs, particularly 


with niiieary defense prograns,' and it a served as a valiable extension. 


. 


( 
of conventional planning and cenneel devices. -_ ‘ ey 
PERT ‘does have. ‘its limitations. It is difficult to lidt them in 


any’ spent rank order, however a simple’ listing i eaby to scan. 


a 


Hence, (only brief statemenys regarding limitations sig te presented. 


‘ 


“1. The PERT tethnique is obviously not “aaptivebia an all 


‘projects or programs. It ee be very costly and . . 


2 


time-consuming in the initial stages of planning. 
‘2, A cursory glance at PERT can conceal the fact that the | ae 
initial deciuione regarding eine estimates are based i: 
- upon personal estimates. An ahitidted aéceptance to the 
planfhing technique could ead to tet ised penene if the + 


management was not prepared tig the demands of vebe 


l 


? 


ted resources may find the 


‘As —_ 


+ 


manufacturing processes. . ‘ 
5. ibe gesavady of the network is subject to question as no 
known method of examining the method for verification of the . 
: logic: has been ‘developed. _ a 
6. PERT obviously Aunnet ue used if objectives cannot be - 
aietineds: Also, the underiying theme is t of fines 
Seisonehis tine’ estimates must pp incofporate lanto the 
: network system. 
4 7. ‘Extremely large networks (over 700 events) are difficult 


to handle. ‘They may a unwanted docunentation. 


In summary, the strong values of PERT will assist the manager to 
»' see’ the eelationetine between events and activities, 2) focus on 
potential PPep IED areas before they occur, 3) improve. communications \ 
among sivgouie? dacoueh participation, 4) ndke intelligent decisions 
based upon facts, 5) utilize computer facilities if necessary and 
6) explain the technique:to the layman as it is relatively easy to 
understand. aeae appear to be the major valued of the PERT ¢echnique. 
There are many other values not listed! -however, upon ine it will 


ie found that they would probably coe uber the six major values listed. 


« * a) yo 


AN 


8. The technique itself née not Sphere the time estimates. | 


re ‘ : - , \ 
7 : a . es : ; 
3 | fe : — 29 
‘ ’ Some of the ‘more significant limitations. vate as follows: ; 
1) it is not applicable to all projects, 2) it fnuvilves the human element 
of educated guesswork, thus ecouking some bias, 3) according to some it 
generally is not gad dy repeated activities, 4) the accuracy is ia 
mm 3 question with respect to the logic a it cannot be verified as being a 
one hundr d e cent accurate tool, 5) BREEGaE SY large networks are 
difficult to handle manually, 6) it haa traditionally been used with 
« large . rn or projects, and hea been wiaies down ag use on smaller 
. programs, and 7) it as not 4 universal panacea, is some respects it is 
vile unusual chat this particular technique has not been used more. 
among iitpartatie: In the past, traditional ,"PERTologists" have placed . 
2 this particular pathetie a5 the realm of accomplishing complex projects 
. oe in reality it appears a8 though it can be ‘ised very successfylly 
in smaller and more dow to earth programs which already exist and 


could possibly be improved. 


“4 : ( 
e e & : L 
» : . *. 
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- es 7 | CONCLUSION 

i A’description of the basic PERT eaeinanue has’ been presented 
with no eehaiutiive treatment of its rae Sa How’ that the basic 
techniques are known, and some of its values and limitations, one can 


rd 


“ask and answer the questions "Ts the technique as iaeful- as claime€? . 
Does the PERT acti Raue ‘do: ies it is BUDDSRES to do? will it really 1 
help:the library management plan and schedule their time and resources 
more effectively?" hens are important .questions. 


, Program Evaluation and Review Technique offers many opportunities 


e ¢ 
e 


for creative management . in the library. From a review of the library. ° 
iivenee it appears that very few libraries have employed PERT in 
their management planning. Libraries are. seuaealiy Facad with daily 
routine MCCANAETESY hence. the need for a project or program scheduling 
technique is "generally not needed. As mentioned, traditionally the | 
PERT system has been applied to projects that ‘have eyee been performed. 
It seauee that accurate estimates of time are available, hence the average 
expected time formula is used. g OREN it would seem where various ll ; 
have been performed and time estimates ‘are available sad are relatively 
accurate it would help establish a critical path with a much higher 
\dewcee os accuracy. Once the critical path has been established it 
could be analyzed to determine if in fact this was the most "desirable 
path" for the work to be accomplished\- It may be that alternate paths 


; Og 
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are much more desirable than the rere pan and may therefore require 
that library cersenned shift time and resources to adjust accordingly. ‘ 

Another advantage of applying oe PERT technique to an existing © 
routine sequence of ackivittes is to sites the top administration in 
large Wibraries ‘to be able to ‘see" at a glance the flow of time and 
resources in the library. The head librarian is ina better position to 
talk more intelligently si all concerned’ personnel about the entire r 
Snfornation flow in his. eee and thereby stay on top of existing problems. 
It becomes a, good monitoring tool. The new Librarian. is tes faced 
with a maze of sckiieden and eens which are sean in his library 
in which there appears to be no apparent complete. sequence of activities. 
Applying the PERT cali would aid him in understanding and clarifying 
the eptabins ‘aeueaenua ee activities and. events.. It becomes an aid for 


analyzing the system and can therefore be used as another tool by the 


~N, Oe ' 


systems analyst. _o ‘a 


There are several kinds of library oriented projects which 
could benefit from such a scheduling technique. The PERT technique may 


? 


be applied to: ; 
1. Rearranging materials throughout a library 
bie3 Developing a lange collection from "scratch" 
3. Eliminating bottlenecks (e.g. cataloging) 
4. Analyzing present library procedures 
5. Developing a‘critical path for an’ automated system 
6. Remodeling of a library 
7. Search strategies for library research 
, 


8. Microfilming of a:large collection 


uw 


9. Moving a collection to another facility 


. 


10. Reclassification of a large collection 
Some of these activities or projects occut only once or twice in ; 
the history of a library. Other library activities, which include most 


of them, are somewhat routine in nature and some are improved from time to 
: on 
time. 4 3 ‘ . 


In conclusion, the values: eal limitations presented —— that a 
set of spiaeia can be developed to determine whether or not the PERT 

technique can be used in a library setting. The. criteria presented wit 
follow the same sequence of values as " presented: in chieee 7 It will 

= observed that ° set of ctiteria can be applied to two situations: : F 

1) an already. existing set of everts and activities in sequence, in which 


o * a 
case it would be Lai as an svaiyeical: tool ty the manager or systems 


° 


| 
analyst and 2) a new project oe. be undertaken by the Library personnel, 
The criteria developed for ey paper will apply te meee situations. 
It will be general in nature and ‘has been created wad distilled from 


ae ' ee | 
« the PERT fiterature. Six situations emerge as-being criteria to determine 


whether or not the PERT technique could be applied. It can be used: 


1. When interrelationships need to si wieclinea: It should be 
/ considered when any operation is complex enough that it 
cannot be remembered from several exposures to the 
sequencing of activities. This would benefit the managerial 
staff, as well as new personnel. It would help each person 
: to see where his particular task related -° the entire 
“ ; library operation. j 


{ 


‘2. When problems or bottlenecks interrupt the flow of antdenardac si 
, This may require: 


a, the identification of the critical path in ‘a eoutios * 
sequence of events, and 

b. a change in ge to provide new alternatives , 
from which to cloose a more viable path. y 


~ % 


a 
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3. When an improved communication system is desired. The sole ~ © 
objective of introducing the program may be to improve 
communication among library personnel and develop morale. 


4. When intelligent decisions need to be made, based upon facts. _ 


. The head librarian, whether new or experienced, needs to 
_ know the flow of information with respect to time and resources 
in his library. The PERT network will: provide him with 


5. 
A very valuable aspect of PER 
a. adaptability to comp 
provide a comparison ad 
machine sequencing ofa vities and, - 


b. allow the PERT data to be used dieesbey with de 
coyputer CEEPAELONEs © 


6. When extensive training:is not essential for use. The 
process of setting up a network involves common sense, 


logical thinking, and simple arithmétic calculations.: Only 
one individual needs.to be trained in the entire program 
to interpret technical aspects and extensions, of the eval- 
uation technique. 
. In view of =e above criteria, it must be recognized that the one major 
characteristic “of PERT is its predictive feature with respect to time,: 
involving activities and events to accomplish a here-to-fore never 
performed project or program. The criteria presented indicate some 
corollary activities which ave valuable and applicable to library . 
management. . 
An application of the PERT technique to the ae process 
of the Brigham Young University Maveaty will be sretented in chapters 
six through nine of this p aper. It will utilize the basic techniques of 
PERT and illustrate.its ‘applicability. 
It has been demonstrated in ‘the past that libraries as a whole 


have operated rather efffciently with respect to cost and that there is 


little 'fat' to be trimmed by introducing new programs or automated 


34 


31 Therefore the “increased benefits" are those items that 


a 


emerge as being of concern. The criteria have therefore been stated 
‘ 


techniques. 


'4n terms of increased benefits. As an overall increased benefit, 

PERT eats help to unify, streamline, and clarify library operations for" 
"in-house" saceatnel and thereby develop the library as an integrated , 
network of service facilities for the benefit of its users. | 


If (allowed, PERT can be of valuable assistance to library management 


\ * 
It is eclectic in natyré and draws upon previous management techniques. 


which have long been used in,management circles. When wisely used 


by Library management, who understands its limitations and values, 
F 1 


PERT may be an effective amplifier of managerial skill. . 


; / a 


a ecker and Hayes, Handbook, p. 110 
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INTRODUCTION TO APPLYING. PERT TO A LIBRARY PROCESS | 


, ° 


** 


mt Only two of the epeterte established in previous chapters will be 


) 
examined in terms of applying PERT to a library process. The PERT 


technique will be’ applied to daverictue its appl bility with respect to 

whether or not it can 1) oem between activities 

and events, and 2) identify possible bottlenecks which interrupt the 

flow ef dntoruueten, The library process investigated will be the 

cataloging of books at tke J. Reuben Clark Library at Brigham Young 

nudvetsiey, All ether juccniing materials such as records, music scores, 

paintings, recordings, microforms, SECes with not be ‘treated in this epee 
The PERT technique has generally been used to help clarify 


~ 


aia oa ee various ck: coisa and events in large % 
project systems and, as) mentioned previously, it may be considered 

when any operation is complex enough that it cannot be remembered from” 
Aree exposures to the sequencing of activities. ‘Hopefully this 
technique would benefit the managerial, staff as well as new personnel, 
and it would hélp each person to see where his particular task relates 
to the entire library operation. It i felt that the cataloging process 
offers enough dsftarent activities and events for the PERT technique to 
be applied. The author's personal contact with the se ae process 
on three different occasions was not suffictent to allow Kim to remember 
all the-aéfivities involved in the cataloging process as well as the 


seqdencing of activities. In order to identify bottlenecks which may 
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_? 36. 
interrupt the flow of information, a critical path will be established 
utilizing the three-time estimate concept. Although routine activities’ 
are ufidoubtedly well defimed and understood by those “involyed in the 
expalvadas process, the hag technique may help to clarify existing 

and potential problem avtan which may not be apparent from direct 
contact. 

It is to be kept in mind that the purpose of this study is to 
determine if the PERT technique can be applied to tne library process 
Farner chen try to improve the existing system. “tence, the performance 
measure will be built around ‘the PERT sechntnude rather than someone" ‘8 
personal opinion of whether or not the technique has helped them to 
clearly understand the relationships between sequencing of activities 
and events and identifying the potential bottlenecks. \ 
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» CHAPTER VII F 


METHODOLOGY 

. A ag Brgy ‘ ae 
By way of review, four: basic aiepe ata dnvelwed in developing a 

PERT network system: 1) identification of objectives, 2) organization of : 

objectives, 3) defining and listing events and activities, and 4) 

constructing the network. These steps become part of the performance 

measure to determine the applicability of PERT. Successfully éomtatinn 

r these steps allows the first criterion; CSAPAEACREOD of interrelationships, 

to be satisfied. The Second ‘criterion aianeed was that of identifying 

bottlenecks via establishing a critical path through the network. This 

is acconplished by obtaining three-time estimates for the completion: of 

certain tasks in the work-breakdown structure. If these estimates are 


obtained then a critical path can be established ahd any possible bottlenecks 
d 7 rs) 


identified. ' a 
Permission was secured froin Donald Nelson, Library Director, te 

investigate saetous library processes with supervisors of three departments, 

sai the library / Avex a brief interview with ius eunmeigone tt was 

ju iaes that” the cat ploging process would provide the greatest challenge 

and ‘aeenae ia ial to the PERT technique. Permission was granted from 

Gloria Jensen, cuvstueice Supervisor, to work with the eacsiocine pREScnbehs , 
In order to accomplish the Tour basic, steps ms developing a PERT 

network, an siuateniton: of the manuals written for nipaiomany ane clerical 


e 


workera was made. These included the reading of Clerical Powe, 
Typists and Letterers‘ Manual for the Catalog Department, and Filing 
Py, 37 tf 


a) 


a Defining and listing activities was accomplished in summarizing 


‘ - ; , re ee 38 
Made Easy. These three manuals were written in detail and deakeibe many 


e 


of the tasks involved in the cataloging process. However, not all the 

cataloging tasks were siviavated® in the mahuals. Ideritifying and organizing 

the objectives for each task was summarized in topic form in a work a 
; / ‘ =— + : 


notebook. Objectives were not stated as such in the manuals but were ’ 
g ! 


readily discernible from reading the work breakdown structure for edch - 


| 


3 
task. A sample of\a work breakdown structure for helping in. identifying 
and organizing objec _is as follows: é , 


Task: Proofreading of Trucks (after lettering, and before going 
to circulation) , 


Summary: | 
r) 1. Separate books by subject. 


2. Thin )books/ are to be kept separate from others. . 
@3. Check number on book and book title printed on pink oF. 
‘a. check’ for discre.. ancids 
b. check for TEPESIE errors 
4. Spray’ 
5. Deliver truck to circulation 
Rush Books % 
; ' 1, Proofread rush shelves at least twice daily. 
. 2. Make corrections immediately-place back on shelf. 
Discrepancy Shelf 
' Clear shelf weekly or more often ab. needed. 
Collection Shelf 
Clear shelf weekly or as neeged. 


The objective te to proofread’ the truck. Sequential and related objectives 


include, spraying and delivering trucks to the Circulation Department. 


« 
1 


the work breakdown structure and graphically indicating the sequence 


of events and activities as follows: 


Special 
' Collection 
Shelf = 


fruck 
Delivered 
sto Circulation 


Sprayed r 


Discrepancy 
Shelf 


ies 


aon ee a 

It is not the purpose of this paper to list all the detailed wick breakdown 
structures of the cataloging tasks; therefore, they will be omitted and 
only the desc tion of events and activities in topic form will be 


included. 


After reading the manuals, as many of : these small sequencing 
activities as possible were expressed in graphic form. They were then 
presented to the clerical ervisor fon HRSEEey on. The interview = 
_ with the supervisor was extremely helpful in eynth sizing ace 
pune (activities and events), which, atter several interviews, led 
a sa development sa a PERT network. Constructing the network was made 
soagibie oe the. use of* ratieuek knowledge of en who are well 
acquainted with the cataloging process, The printed. penuate were 


helpful but failed to iAregrate the small events and activities, into ‘- 


‘ 


one big process. 


. Determining the eee estimates (optimistic, most likely, 


and pessimistic) for each activity in the cataloging process was nde 


ossible b tha use of a Bhoek ebtionnaire gee a dix). It was & 
ala neEe ( a 


determined that fifty-eight tasks were necessary to complete the | “ 
cataloging of a book. A questionnaire was given to each, clerfcai worker 
and cataloger involved with the tasks. sel clerical wuceuea” re 
responsible for as many as five taskd’ Since ‘many books and /cards ate : 
processed by "batches", which vary én number, figures were requested ‘for 
processing 100 = There .. a snerauneyes ee Liat 


4 


by. the employees and all Mifty-eight, suespionnaiiet ane returned. ‘a 
data were tabulated ‘and a cas path was established fo determin 


bottlenecks. See, Tables I and/ II on pages 47-50. 
> = a 
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»  " CHAPTERVIII /— 


PERT -AND THE CATALOGING PROCESS ' °* .- 


' The ‘main results of. this study appear in the form of Steers 


4 


Figures 9, 9a, 9b and 9c represent a topic description Apne two, or three 


word breakdown) of the completed activities in the cataloging Process. 


It will be noted Bs the events and activities Sa ‘appear to be one 
<n " . * 

wad the same.- For the purposes of this study the numbers immediately 

above-the events will also represent the activities associated with that 


v 


numbered event. “This will allow a wisn? correlation to be made between 
Figures 9, 9a, 9b, 9c 10 and Tables I and II. 
The entire cataloging process, which by definition for this mey, 
has the placing of the book on the shelf as well as its coteespondiae 
poard in the main ‘card catalog, can be observed in Figure 10. The numbers, 
‘which represent events, can be Soreaiseel with Table I. An activity is 


denoted by two fumbers, such as 24-25, which stands for typing of proof 


' sheet numbers. 5 a Bi 


\ ‘ ; 
In Table ‘I, the task of typing proof sheet numbers requires on - ‘ 


‘the average six tenths of an hour to Siompiten. However it Lay be 
‘noted that the task coud be accomplished in the optimistic time of four 


tenths of an hour and, pessimistically speaking, the task will take 8° 


if long as one hour. Using the Expecfed Elapsed Time formula, which in orporates © 


the three~time estimates, the average efpected time for completing the : 


a 


task is six tenths of an hour. The task ot activity is denoted as 24-25, 


typing of proof sheet numbers, in Table IL; “Expected Elapsed binks have ‘J, ; 


« 
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. a 
been calculated for all the activities asecbtated with the cataloging 
Peacess and appear in ‘Table II. It is from this Table that the er¢tical 
path was determined. oe “ 

The Expected Elapsed times-~are totaled for all activities occuring 
simultaneously and the activities taking the leaxeat tin through the 
network determine the critical path. By. adding up the Expected’ Elapsed 
times for all possible. pabhe through the network, oe longest time path 
ange the system turned out to be: 

1-10-11 -12-13-14-16-17-18-19-20-21-22-23-52-53-54-56-57-58 
In Figure 10 the critical’path is denoted by the double Line joining 
circles. A summary of the Expected Elapsed times of the vaetous cataloging’ 
section along the critical path indicate that it takes approximately 
152 hours plus a variable slack period 1,8 months to place ae books on 
the shelf and their oe cards in the. main card aqnaiows The 
variable slack period of 1.6 nonths is to be interpreted as a plus 1. 6 


months on the average for one anenttts type of activity (suspension file 


\ 4 
,search) in the pre-cataloging phase. This ig a ded to the 152 hours - ' 
required re card to be filed in the card catalog. See Table I; 


page 47, No. 13. : ‘, ‘ 
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TABLE I 


TIME (Rounded to nearest tenth of an hour) 


ACraVITIES CEASED) Tormererie [woot unr | ressmasnic | 
eee ae ES a a ESERIES 


hot ser Geos | as | aa | se | 


Critical 
Path 


[mesa comes | s | [7 | _ 


[omwee | | «|-a_| 
[womans | aa |e | te 
[in cmertaname | 2 | 5 | 20 | 
1ll- Proof Sht. File Search Se ree MES 
far ehowvor comets | ua] aa | ne | 
iss sueenton uee | eo | yver | ome | ¥ 
te Prot seer sere | 8.0 | 
as nstree iion | 8 
ie mie em Gee) |_| 
18- NUC Checked for C.E's 

Ee a a 
Wo-1- GB's Typed Peet ae ae 
fax tetsleate nancies | a | 5s | 3 


“*Difficult to Obtain ~~ 
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awe check Required | 3 | ss | so | 


T~ Hilning Completed | as | oe | 0 | 


eed 


TABLE I (Continued) 


ACTIVITIES (TASKS) 


23- Stamping & Labeling Books 


OPTIMISTIC 


24- Cards delv'd to Cl. Sup. 


e 
a 


25- Typed Proof Sheet No's 
26> Proofed 

27- Cards Separated 

28- Cards Framed 


29- Cards Xeroxed 


a 
o 
ray 
e 
oO 
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30- Cards Cut 


31- Match with M.0.F's 


e 
e 


32- Do not Count 


33- Special Handling-Separate 


34- Counted-Regular 


35- Counted-Special Handling 
36- Type Add. Heading 
37- Proofed 


38- Separated 


39- Errors corr. (Re-typed) 


40- Proofed 

41- Distributing Cards 

42- Counted Cards 

43- Cards Alpha. by Cat. Dept. 
44- Filing in Main Card Cat. 
45- Filed in Shelf List (#44) 


46- Cards Sent to Other Floors 


‘ 
c itl 


48 


48- Filed by Respective Fl's 


49= File Check, 

50= Errors Checked 

Sl- Filing Completed 

52- Lettering « f Book 
53-, Proofed 

54- Separated for Sp. Collect 


55- Separated for Discrepancy 


TABLE IL - ie 
EXPECTED ELAPSED TIME™ 


1 


EXPECTED ELAPSED EXPECTED ELAPSED | 
TIME, T,» HOURS ; TERE, Tye HOURS 


me B, |. FOR CATALOGING OF 100 ‘BOOKS 


ee 
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* . : 
- Calculation of Expected Ela 5 is accomplished by using 


ee’ + 4m+d, where a = pettaitae tine, m= most likely time and 


be pessimistic time; see pe e 19 for explanation of formula. 
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a SUMMARY AND eee | 


Applying the PERT technique was possible. th the cataloging 


; : \ \ 
process to help clarify interrelationships between activities. This 


has been evidenced by the development of a network system:for the process. 


lished by reading the 


a 


Identifying ne objectives was acc 
available a and conducting interviews with the\ cataloging ee, 


e ( . 
personnel. Defining and listing events and activities was accomplished in se 


a sim{lar manner \by observing and reciine the sequencing processes. : we 
Most c calogtie actiyities were pectoiied only-once, which made the 


\ 


network \easy to develop. Only on a few occasic 8 were Ee same ‘iiiaianeaal 


' . 


performed more than once. enna te cause problems fn: the: - 


devetoonent of a PERT network. If an activity has to be repeated, it 


is generally drawn twice on a diagram. Inspection of ae network ee 
a. 
in Figure 9 will show ee activities, namely,’ activities 10-11, \ 


13-14, and lo-i/. ; 

a The threezine estimate ae was used to {adentify a cr tical 
sick al pbacdbeis point to dttlenseba’ tn the eabatogiig cecoekan, . 
Extreme caution had to be us ef in order’ not to deve op any time lo PB. 

The time est inates in general vere nba to be 4s accurate as 


possible. There were not enough simultaneous activit es to develop & i 


t the cataloging 


/ ° \ Z \ 
a\ linear process and that introducing any foreign \ | 
“i 


\ 
\ 


good critical path. ee \network illustrated t 
process is generally 
element into the flow, of material ould essentially affec the entire 


output. Extra projects, or faulty, nreliable equipment would have a 


= aL 


y’ 
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significant éifect on the entire system. A-block in the critical path 
would cause a serious stoppage. Once a eck has been cuttered there are 
essentially two paths that develop; one for the auc ting of the becke. 
and the other for the handling of the cokdeepondihe cards. The network — 
isdieiter that nee are no significant alternate routes to choosé 
should there be equipment breakdown. This suggests that aiaictonal or 
auxtLlary equipment should be ie on standby should the ‘regular 
\ fesources be unavailable. Those activities most likely to be affected, 
due to faulty equipment, would be filming cameras (6-7, page 42), 
lettering (23-52, page 43), and xeroxing (28-29; page 44). These getietttes 
require mechanical devices which are’ subject to breskinwn aad may cause 
bottlenecks. It is iveven tian to note that all other activities are, 
' perfornied manually. | 
According to this study the cards arrive in the main card. catalog ; 
before the books are placed on the shelf. A summary of the expected 
elapsed times indicate that ‘it-takes approximately 156 ‘houre for ae 
books to be placed on the shelf, and os takes only 120 nouns for the 100 
‘ corresponding cards to be efied in’ the. main Rare catalog. is explained: 
earlier, there is an estimated variable time ited of 1.6 months attached 
to these time estimates. Some cards may arrive in the suspension file — 
(proof akesk file) for a given day and be pulled out the next. phi : 
searches may take up to six months before locating’ the card due to its. 
apantadite acquisition. If the estimates were discarded for placing the 
books on the shelves, once they have reachéd the floor tikvaetinae: then 
the figures would be amazingly close. According to this particular 


study, which is partly hypothetical, the PERT system indicates that if 


e re & 


> t i ” 


. . 
x < Yok ) 
co , 
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; rae 100 books tatroduced into the Library and time calculations were 


kept Fak the ‘various activities secuctaend with each 100 ~— and erty 
Rie ? 
it would. take longer for the books to arrive on 1 the shelves. than’ for fhe | 


cards to appear in eit mats card catalog. : 
It has been shown that PERT can be used to illustrat& the flow’of 
information snd natectits in the cataloging process and can therefore be 


considered a tool for management to ahée interrelationships. . The 


three-time aptamnte concept can alee be used to establish a critical 


* 
y 


path, however er a large waving degves of vine ghteh may noe prove’to’ 


‘ 


be that helpful. It is only one of the many nanagenent moet which can 


Phe applied to library processes to aid the Peneaetas in making intelligent 


¢ 
@ 
Mae decisions ° 
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. Job Title; 

/ , 
; Job Task: 
ANONYMOUS QUESTIONNAIRE, 
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Your frank, honest appraisal of three time estimates regarding your 
particGlar task in the cataloging process will be greatdy appreciated. The 
data supplied by you: ‘and others will be used to determine whether or not a 
VDREFECE AE, management technique can be applied to the cataloging einen 


’ 
- 


We sald tke" to have three tinie estimates loptiniatie, aout jikely, and 


“ pessimistic) regarding the ‘accomplishment of the particular task in which you — 


‘are involved. The times are defined below. ° Please confine your figures to 


a ne 


‘books only (eliminate phonodiscs, paintings, etc’). 
figures being based on 100 books. 


rt 


, OPTIMISTIC 


Considering no inter- 
ruptions occurred and 
all materials were rela- 
tively’ easy to work with, 
the optimistic times 
would be the fastest 

time that you cold 


‘accomplish the task. . 


no 


Time: ‘ 
(108 books) 


a 


° LY ¢ 
e 


Ca » La 
THREE TIME ESTIMATES 


MOST LIKELY 
The most likely time would 
be the average time speht 
in accomplishing a givea 
task. 


We would appreciate your » ; 
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” PESSIMISTIC 
———o 


_ Considering everything went 


wrong (interruptions occurred 
materials were hard to work 
with, etc.) the pessimistic 
time would be the longest 


time to accomplish a task. 


Time: ” 
; (100: books). 


Time: s 
(100 books) ” 


5 
LN 


